Research in Developing More Efficient Harvesting Machinery and Utilization of Crop Residues
Wesley F. Buchele MEMBER AS AE T HE main objective of farming is to grow energy in the form of digestible nutrients. Although the farmer measures his corn production in bushels per acre and his hay production in tons per acre, this does not give him a true measure of his productivity.
Also, crops with different storage efficiencies* must be stored for a period of time, and they differ in digestibility. Table 1 gives harvesting and storage efficiencies of various crops, the digestibility of the crop, and the total efficiency of the farming operations of harvesting, storage, and animal utilization.
Another way of determining the productivity of cropping systems is to compare the pounds of beef produced per acre or the cow maintenance days per acre produced by each crop, as shown in Table 2 If all these data, calculations, and assumptions are correct, the digestible nutrients of the maintenance ration that must be consumed each day to maintain a cow (determined by combining data from Tables 1 and 2) should be the same, regardless of the crop or crops used (Table 3) . The results in Table 3 agree for dried shelled corn and corn silage, and they agree reasonably well for hay.
By inference from Tables 1-3, 
WHOLE-PLANT SILAGE
Harvest the entire crop with a field harvester equipped with a row head. The whole-plant silage provides an excellent ration for dairy cows, but must be limited when fed to brood cows to prevent them from becoming fat. But limit-fed brood cows stand around bawling and are cold. These animals must be fed low-grade hay. of cornstalks harvested with this plan depends on the size of the combine: 2 row, 100 percent; 4 row, 50 percent; and 6 row, 34 percent. These harvesting efficiencies are based on a 90 percent pickup efficiency of the cob and husk. Because the grain lost from the rack and shoe is lost, this ration must be supplemented with grain.
EAR CORN SILAGE AND STOCKLAGE
Harvest ear corn silage with a forage harvester equipped with an ear-corn snapper head for feeding to fat cattle. Harvest stocklage consisting of stalk, leaves, tassel, silk and some shucks for placing in the silo with a second pass of the forage harvester equipped with a rowcrop cut-off head for feeding to brood cows and pregnant heifers. This system harvests the ears hanging on the stalk, the stalks, and about 70 percent of the leaves, but the harvested products may not be in the best form for utilization for some farmers and livestock feeders. The corn must be fed on the farm or in the local community.
GRAIN AND PLANTLAGE HARVESTED WITH A TOTAL CORN HARVESTER
Harvest the entire crop with a total corn harvester or with a combine equipped with a grain head and pulling a forage chopper. Highmoisture grain is elevated to the grain tank, and plantlage (consisting of stalk, leaves, cobs, tassles, silks, and some grain) is elevated into the forage tank or wagon. The grain may be dried and sold on the commercial market or elevated into high-moisture grain storage structures for local feeding, and the plantlage stored in silos. Research by the Animal Science Department of Iowa State University has shown that plantlage, when supplemented with mineral and protein blocks, is an excellent brood cow and pregnant heifer feed. A rule of thumb is that the moisture content of plantlage is twice the moisture content of the grain. This system harvests the entire crop of digestible nutrients and ends up with grain and a desirable feed that stores well in bunker silos.
ANALYSIS OF THE HARVESTING SEASON
Total corn harvesting should begin when the grain is at about 36 percent moisture content. Because the moisture contnet of the grain drops Vi percent each day, the number of days available for total corn harvesting (between 35 percent and 22 percent moisture content) is 26 days. This gets the harvest started early, maximizes the use of machinery, and produces storable plantlage.
COMPETITION FOR THE CROP RESIDUES
There are many uses for the crop residues besides feeding cattle or plowing under to improve the tilth of the soil. The competitive use and quantity needed of the corn crop residues on the farm is shown in Table 4 .
The commercial competitive uses of corn crop residues are shown in Table 5 . Items 1, 2, and 3 in Table 5 can use all the crop residues and all the other organic residues from field and forest that can be harvested. The utilization for energy of all the crop residues available 3361 kg/ha (IV2 tons/acre) for off-farm use could furnish more than 20 percent of the nation's energy needs. Stiff competition to the brood cow for the corn residues will come from using cornstalks as a fuel in steam boilers. Table 6 compares the fuel value and sulfur value (content and cost delivered to generating plant) of Kansas and Wyoming coal and cornstalks. Table 6 shows that cornstalks are a premium fuel, which must be rationed and burned with high-sulfur coal to reduce the sulfur content of emissions to the EPA prescribed level.
The time will come when the prescription for farming will dictate the quantity of crop residues that must be left on the land on the basis of the slope of the land, the type of conservation tillage system, soil type, crop, etc. Trade-offs will be permitted in which a farmer planting corn on ridges layed out across the slope can remove all the aboveground residue, while another farmer using a chisel plow must leave 3362 kg/ha (IV2 tons/acre) of residue in the field.
CONCLUSIONS
The energy problem being faced by America will require the farmer to remove surplus crop residues for feeding brood cows, heating farm houses, drying grain, and for offfarm energy generation, paper making, etc.
The first call for crop residue will be for protecting the soil from wind and water erosion. The farmer cannot do much about the slope of land and soil type, but he can employ conservation tillage systems to increase the quantity of crop residues that can be made available for off-field uses.
The development of machinery for harvesting the crop residues and conservation tillage equipment is needed for feeding the brood cow herds and for providing a portion of the nation's fuel supply.
